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E 9. A HEstEddAs |8
A 87 a2 g F o =
T
(kW) (MWh) (kW) (kW)
A Q1A 1,800,000 3,708,766 423,375 2,092,000
NSS! 1,800,000 5,865,673 669,597 2,182,000
= 922,064 1,897,641 216,626 920,515
SIS 900,000 968,441 110,553 812,648
38 1,348,500 5,450,526 622,206 1,239,500
R 1,350,000 549,143 62,688 1,349,000
&t 2,071,900 5,904,576 674,038 1,947,413
Eias 105,000 65,566 7,485 110,600
HAF 1,800,000 6,016,954 686,367 2,280,000
A 1,462,447 6,451,145 736,432 1,009,000
T4k 718,400 2,764,074 315,534 821,625
9¥ 848,000 1,221,966 139,494 1,288,000
AdEEF 361,600 2,219,633 253,383 445,800
Bt ) 3,176,000 11,546,544 1,318,099 3,286,003
GS Power 900,000 2,254,813 257,399 683,000
GS EPS &% 1,415,750 4,415,684 504,074 1,552,096
e 1,389,700 10,188,521 1,163,073 592,205
T 989,200 5,637,724 643,576 -
EEh=ll=tE, 465,300 6,493 741 -
38 769,330 2,867,391 327,328 -
ERAER) 1,450,000 6,090,792 695,296 -
IR eAR IR - - - -
obrhEgt 751,200 5,183,443 591,717 -
SrEgt 1,716,800 9,322,876 1,064,255 -
A 28,512,191 | 100,598,385 11,483,836 22,611,405
EA: =g AL, 2016
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A3E AgA+ 22

= A, REAYAN, BF e CH MEAF A7E g 248
A AaAAel CH MEAFE Agshs A7E A 2k =3 24

H BE AFoA w717t Fo CHyel §=5 w487 98 g x3] %
AR-&- 33 T
Q7] 21(2003)= LNG AAAAde] 247F2 wEAlFE s o
T g LNG daAAdLS A
AAEE AT w77k T CHy &9 42 Yy S
(KIMOATO HS-TN)E &3l >33 wj7|7}~E GC-FIDE ©] &3ttt
CHy¢| wi=ASE A7 f8 AHed LNGE d&
FS AL SAGA AR AHEEFS A WEAIFE A S AT
AAE CHy WiEAITE A7 o LNG dA&AAE=Z 1 2
2 9]A % (uncontrol), €AW (control), WARH O =2 L+
&% 7 HlEHe CH FA= AA st 25

=A9E 020 kg/10°m*= ekt

o] A (2009)2 EHestH T AL =7 24V wiEAIsE deta
A =] 839 HRSEIAALE Yo Z CO, CHy N:O WiEA
gttt olF CHyel A5 wWiEAsE AAs79ls a=xd &%

&ttt CHy WAl A8 98l & 494719 Work-sheetE AF&-3F3]
i 2bg A3t CHyol MiEAsE= 0.8 kg/TJfa' LHERSE

ol AlE 9](2009) = =ul FAE stEEdAe] 2AVIA wWEATE
st ATE AT o] A E=E i FAwE st A A
Lung-Samplerg &3ste] P XS HA|s
st T2 EAAY CHye MlEs s

= 0.78(x0.31) kg/TJ= A4 At}

o] A1q £](2010)%= B-CH s ®delo] Non-CO, &47k2~ wi&E

i
ftlo

—

GC®E Non-C0»9 v2&5 ¥
.93(£0.36) ppmoli’ii, Hj = A

;_A:x:ﬂ
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. Stack =
Filter Teflon
wall &
(glass wool) sample line

Vacuum line

Probe

Reverse
(3") type

pilot tube Pilot

Male quick

connectors

Charcoal
tube

0, No check

Ll Air-tight

pump

manometer

Rigid leak-proof
container

19 6. Lung sampler® ©]83F 7t ¥ 3

Z*]: Chang-Sang Cho, 2012

ALTY PPe vT ANE A7 wks EPPEMRR
o

Madatory Reporting Rule, ASTM D 6866-08)o] w2+ HHolt} &
H
402 ARE X7 wiLel w717k e] 24A13F Hat

A&z H77E FEAAGA(ALPHA, KOREA)E E3] 100 °C7t 9+
w717k ~5 3 °C7HA W7ty SRS AAS Y AAEFRH

(ALICAT SCIENTIFIC, USA)¢} HZ(KNJ, KOREA)E WH3sto] &4
FS AAT F vk =S Eloln] AAHE Jhedte] didAAd e G A gt

27 AR 7172 2264 Lol A AT w77}

>

{

N,
o
N
N
olr

Tl A A AR AT
71719 AS5L #®T7h7F EoldE Tedlar bags A& 779 Adt
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1. 723 2vntE a8 9 ¥ (GC)

7V2~=m2utE 289 9 (Gas Chromatography, GC)& thAA| A o] v 7] 7}~
S dAelA AN AL R olFdte] Bt W oeR CH 5% 4
2 GC-FID(flame ionization detector, FID)E A}&3}3ith 73 2nE 1
# 3= Varian CP-3800°0™, AL Z®E|Ql#El~% A Porapack Q
80/100 1mE AF&akslar WH7F=(N) 9 Hy, Aird] 32 22 25 ml/H
2%k, 30 mI/F &gk, 300 ml/FHAFE AAIY. L8 Als =Y, A
=719 %= 717 70 °C, 120 °C, 250 °C= A A3t

# 10. GC 4 =4

Varian cp-3800%] 4 x4

A&7 FID
A Porapack Q 80/100
Sl e N, (99.999%)
N, 25 ml/H Ak
i == H, 30 ml/H Ak
Ailr 300 ml/& A%k
oF 70 °C
2+ = e 120 °C
HE7] 250 °C




Zh2azvtE a9 e CHy v A3 A4S Ao 2= 2
Aol= CHy 0.01 ppm, 0.1 ppm, 1 ppm, 5 ppm %2 AL TFAEE
AbEEAT AdE FFAEE o83 HEAMY R ge 1

0

73 S HEFY AT
CH,
F0000
y=12,582.3157 x + 122.5628

60000 RZ = 1.0000
50000

n 20000

g

of

30000

20000

10000

o4 T T T
o 1 2 3 4 5 B

Concentration{ppm)

A8 E o] &3 CHy @A

ps

I
o
o
=]
M
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B o AFo A A}E3 JtrmznEagTe] QAL TFEAE 5 4l

|
B opase] E 110 GEAt FERe WE B9 24z Pws

oju gl Fitol et BFELA(SE=RFHA/ VN)O MEE FNEFEA
(RSE)&= 0.11%= AHA = T}, 1SO 11564:19980 41 AlAlsh= AdAd B9 s
QA7 3% ol o]m® olrt} w2 3 NS UERl AT
¥ 11. CHy &% 249 AqaA H7t
CH4
B
Peak area pPpm
1 12880 1.01
2 12938 1.02
3 12865 1.01
4 12846 1.01
5 12923 1.02
3 1t 7k 12890 1.01
SE 14.20 0.00
RSE(%) 0.11 0.11
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] 3 CH, ¥ TNMHC (Total Non
Methane Hydro Carbon)& A3 4 Qdth 49 g2 AAte=
stio] FAIETH CH, o SHHSA=

H21= 0.05 7 20 ppm©] t}.

AN
o

o

CH4 63463 v-ppb s |

TNMHC  148.0w-ppb ‘\

Status messages

Calibration Idle Recalibrate

Calibration result | Calibration trend

Sy3lamalam INo Error -1 View alamm log
FID detector iIDLE I Restar F

Login

a4 10. CHy A&E=A4dy =4 3k
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Al o] ™
CH, ¥E2 ppm 9ol G)'E
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CH, 9
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EF



e Nm¥/dE af @9om me 2 (2)¢F Zo] F7|HE w77t F
0,9 % F&EE ol&3dle] Ao Ae s AMEstdth. MWE CHy
of EAFoZ 16 g/molol® Vme ©]4 714 1 mole] #F “FH oA <]
AH o2 224x107 m®/mole]t}.

EF= Cey % {Gy + (m—1) x Ay} x MW/ V,,/NCV (1)

m

NCV=(0.933242 < GCV') —313.300 (3)
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A5& CH; v} & A

BFAT AT

1.

o
)
25

ol

N

)

)

of HHSEA e

3|
A

% 5ol

ol

N

W

=2 SPSS

1801 A

SPSS
Kolmogorov —Smirnov$} Shapiro-Wilke] 2] &&

&l ot

A5

18=

;OL
Mo

el

AT BEFGY HTn a3
FEAFE A (ANOVA: Analysis of Variance)

2.

A 2o

KN
T

3

el

~N
e
0

P
il

vzl

X

N
B
il

4, 2012).
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] _
3. A ATFA EF Do H ] u(Kruskal-Wallis test)

TR TP hRHE TR
< oom T W R Hx%@mwﬁﬂr T T oW
™ AR — W o)) 5 B b il S = o
T HA_I 3 ~ X 2 i T oo o olo R =X
A o T Ak el < o = o = < RO 3
W os MR D & n® TR X e OE
< b S S o H W = M i
i e ﬁé = < o & —_
Jal%g,zuﬂ %%A ﬂmﬂoﬂﬂr% oo 7
— o ' To T
R R g T o T A T o o~ L
— —_— — —
o oa N O o%%ﬁuﬂﬂnuuo_aov __o_?ww
X% i P 4 o =
W o T AT ~J - ﬂ ;o._ —~ ~ N =
o o= N B N = @ 0w ol =
o) = I3 o ) o oA W
T T Mg AT T F < Nfo 0 S NCI o BB
w2 T r e el v XL E
I xa o g CI NowS
— 7 0 X \ul o} ﬂw o ﬁi # J M
ol @ w E D T o= = [EU—— Lo %52
T o O R PRI L - T
T 0 g ¥ o T o o o R
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A4 EdstEdn L CH AEAs A4 2 v

Lung SamplerE %3 7t ¥
Ax xR AL, 307 (HHoE AEE

o ARE Fustgth Amt AAAelq GCFIDE o g3k 35 W

o] R 00221 ppm ~ 00992 ppm WeIe] Fow A
Zg o] Hir CHy 557} 0.0333 ppmo& 7}4 @& o7 eyl whd
343 MEHY CHy 5%7F 00483 ppmo = 7 =orom Auxsdat
T3 5095% 2 7 =o FXE yEhd

(&9]: ppm)
ANais 14 =} 29 A 34 At
1 0.0620 0.0360 0.0436
2 0.0237 0.0374 0.0992
3 0.0608 0.0222 0.0221
4 0.0579 0.0473 0.0492
5 0.0521 0.0338 0.0221
6 0.0632 0.0268 0.0203
7 0.0345 0.0295 0.0813
3t gk 0.0506 0.0333 0.0483
R s 0.0143 0.0076 0.0289
A 3 = H1 2H%) 28.26 22.72 59.95
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ABSTRACT

A Comparative Study of CH4 Emission Factor

of Combined Cycle Power Plant by Sampling Method

Jeon youngjae
Dept. of Environment and Energy
The Graduate School

Sejong University

Combined cycle power generation has less greenhouse gas emission than
conventional thermal power generation. Thermal power generation efficiency is
about 40%, while efficiency of combined cycle power generation is more than
60%. According to Korea's GHG inventory report, the CH4 emission factor of
the energy industry sector is found to use the default value of 1996 IPCC
G/L. The CH4 emission factor of public electricity and heat production was
applied to the 1996 IPCC G/L fuel-specific boiler technology. According to
1996 IPCC G/L, there is no combined-cycle power plant category in the
natural gas boiler technology. Non-CO, emission factors of combined-cycle
power plants and LNG combustion facilities have been studied in the past by
intermittent collection methods. However, it is considered that the development
of emission factor by analyzing the concentration of CH., which changes from
time to time in facilities and operating conditions, only by the intermittent

collection method will not sufficiently reflect the process characteristics and
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emission characteristics of the combined cycle power plant. Therefore, in this
study, the CH4 emission factor through exhaust gas analysis for a combined
cycle power plant was estimated by three sampling methods (intermittent
collection, continuous collection, continuous measurement). Also, CH4 emission
factors according to the sampling method were compared statistically.

Sampling was proceed over 3 days. Twenty-one intermittent sampling samples
were collected on day 3, and five continuous samples were collected (day: 3,
night: 2), which were analyzed by GC-FID. In case of the continuous
measurement, 864 CH, concentration data were collected by installing the CH,
continuous measuring device at the sampling site. The concentration of CH4 in
the sampling method was 0.0221 ppm ~ 0.0992 ppm for intermittent sampling,
0.0299 ppm ~ 0.0530 ppm for continuous sampling and 0.0020 ppm ~ 0.2051
ppm for continuous measurement. To calculate the CHs emission factor for
each sampling method of the combined cycle power plant, TMS data, fuel
composition and calorific data were provided from the facility, and CHs
emission factor for each sampling method was calculated through the Excel
Worksheet by the analyzed sampling method. As a result, the CHs emission
factor for each sampling method was 0.0100 kg/TJ to 0.0450 kg/TJ for
intermittent collection, 0.0137 kg/TJ to 0.0241 kg/TJ for continuous collection,
and 0.0009 kg/TJ to 0.0963 kg/TJ for continuous measurement.

As a result of the regularity test, it was found that the group of emission
factors by intermittent collection and continuous measurement among the
sampling method emission factors showed regularity It was verified not to
follow. Therefore, Kruskal-Wallis test, a nonparametric method corresponding to
the variance analysis, was used. As a result of the Kruskal-Wallis test, the
Monte Carlo probability is 0.768, which is greater than the significance level
of 0.05. Therefore, the null hypothesis that the CHs emission factor according

to the sampling method is equal is not rejected. Therefore, there was no
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difference between the CH4 emission factors from the intermittent collection,
continuous collection, and continuous measurement of the combined cycle
power plant in the 95% confidence interval.

The intermittent collection used in the previous research is to capture the
exhaust gas instantaneously by the experimenter at the sampling time possible.
Due to this characteristic, the CH4 emission factor calculated according to the
collection time can be changed. Therefore, the emission factor It is bound to
have the limit of time representation. On the other hand, the continuous
measurement meets the time representative of the sampling period by analyzing
the CH4 concentration in the exhaust gas at intervals of 3 minutes. However,
continuous measurement equipment is expensive equipment, and it is difficult to
secure equipment and it is difficult to install according to the circumstances.
The continuous capture can capture the sample in a small amount during the
desired sampling period, and the sample of the average concentration including
the sample in all the time periods can be obtained and the representative of
time is satisfied. Continuous collection is considered to be a suitable sampling
method for estimating the CH. emission factor of the selected combined cycle
power plant in this study. However, it is not necessary to consider the
representative of the time when the CHs emission concentration is constant,
unlike the combined cycle power plant of this study. The emission factor can
be calculated using intermittent collection. Therefore, in developing the CHi
emission factor of a combined cycle power plant, the process of selecting a
sampling method that matches the characteristics of the CHs; emission

concentration of the target facility should be preceded.

Keywords : Combined cycle power plant, Kruskal wallis test, CH; emission

factor, Intermittent collection, Continuous collection, Continuous

measurement
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